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Abstract
Aim: To address the criticisms raised by Anitua et al. (European Journal of Oral Implantology, 6,
2013, 9–11) to the article “Plasma Rich in Growth Factors (PRGF) in Human Post-Extraction Sockets:
an Histological and Histomorphometric Study.”, recently published by Farina and colleagues
(Clinical Oral Implants Research 2012; doi: 10.1111/clr.12033).
Methods: All the methodological aspects criticized in the letter by Anitua et al. were thoroughly
reconsidered and discussed in a structured short communication. When indicated, pertinent,
additional material was included to reinforce our considerations.
Results: As most clinical studies in implant dentistry, including previous studies evaluating the
efficacy/effectiveness of PRGF, the study by Farina et al. has some limitations. However, it is
currently the only published controlled trial using quantitative parameters related to PRGF-induced
early bone formation.
Conclusions: Despite all limitations, the results of the study by Farina et al., which were based on
different quantitative parameters (micro-CT scan, immunohistochemical markers of wound healing
and bone deposition), indicated a limited effect of PRGF on early bone formation in extraction
sockets.
Preliminary observational studies indicated
that Plasma Rich in Growth Factors (PRGF)
may exert beneficial effects when applied to
healing sockets (Anitua 1999; Nazaroglou
et al. 2009; Mozzati et al. 2010). PRGF has
been claimed to induce a faster re-epithelial-
ization and a consistently higher content of
mineralized bony trabeculae at 10–16 weeks
after tooth extraction in humans (Anitua
1999). Unfortunately, the use of PRGF in
extraction sockets, which has been promoted
and encouraged among dental professionals
over the last decade with the aim to enhance
bone formation, was mainly based on qualita-
tive assessment on histologic samples (Anitua
1999), radiographic evaluation of anecdotal
cases (Nazaroglou et al. 2009) and short-term
(7 days) cytokine and protein expression
(Mozzati et al. 2010).
We are perfectly aware that our study (Far-
ina et al. 2012) has clear limitations as most
clinical studies in implant dentistry (Cairo
et al. 2012; Meijer & Raghoebar 2012; Rocch-
ietta & Nisand 2012; Schwarz et al. 2012;
Vignoletti & Abrahamsson 2012), including
studies evaluating the efficacy/effectiveness
of PRGF. According to the regulatory authori-
ties, there are standard operating procedures
on patient recruitment, randomization, sam-
ple size calculation, selection of primary and
secondary endpoints, examiner calibration,
etc. We have to accept that in research real-
ity, it is often hard to consider all these and
even more aspects of study design. Despite
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all the limitations, our study is currently the
only controlled trial using quantitative
parameters related to PRGF-induced early
bone formation. The results, based on differ-
ent quantitative parameters (micro-CT scan,
immunohistochemical markers of wound
healing and bone deposition), indicated a lim-
ited effect of PRGF on early bone formation
in extraction sockets.
With respect to the issues raised by Anitua
et al. (2013):
1). As clearly stated in the Materials and
Methods, our study was designed as a
parallel-arm, open-label expertise-based
controlled clinical trial. A clinical opera-
tor with specific training and clinical
skill as to the treatment with PRGF
selected all PRGF-treated sites, whereas
two trained clinical operators selected all
control sites (i.e., extraction sites left to
spontaneous healing). The choice of this
experimental (non-randomized) design
has been made to optimize the outcomes
of PRGF treatment because PRGF is an
operator-sensitive technique with a spe-
cific learning curve.
2). Surgical treatment in PRGF sockets was
undertaken by an operator with extensive
experience with this technology. Sutures
were placed according to the clinician’s
judgment. To the best of our knowledge,
there is no evidence supporting the need
for additional PRGF-Endoret membrane
to allow for PRGF to exert its effects on
bone formation. Thus, the relevance of a
primary wound closure and the additional
effect of a PRGF-Endoret membrane still
need to be demonstrated.
3). The final statement of the abstract has
been written according to the study
results. We are aware that a subanalysis
to explore the role of smoking on PRGF-
induced healing dynamics would have
added novel information (data on the
potential detrimental effect of smoking
on the quality, as assessed histomorpho-
metrically, of extraction wound healing
during the early phases are still lacking)
as well as allowed for a better interpreta-
tion of our findings. Unfortunately, this
was not feasible due to the limited sam-
ple size of subgroups (with respect to
smoking status, treatment and observa-
tion interval). The current level of evi-
dence (including the references quoted by
Anitua in its letter) only suggests a
potential detrimental effect of smoking.
In a recent study, no statistically signifi-
cant differences were found in the tissue
composition between healed extraction
sites in smoker and non-smoker patients
(Lindhe et al. 2012).
4). In our study, the cause for tooth extrac-
tion was recorded but not taken into
account in the analysis. Recently, Lindhe
et al. reported no differences in the tissue
composition of post-extraction sites
between advanced periodontitis and non-
periodontitis groups (Lindhe et al. 2012).
The evidence brought by Ahn & Shin
(2008) of a delayed bone healing phase of
extraction sockets in advanced periodon-
titis patients seems to point out the rele-
vance of other factors (e.g., incidence of
loss of the socket bone walls and location
of the extraction sockets with respect to
tooth types) rather than the periodontal
infection per se in affecting the rate of
bone formation between diseased and
healthy sockets.
5). In our study, periodontal disease was not
considered as an inclusion/exclusion cri-
teria and patients were enrolled irrespec-
tive of their periodontal status. In line
with our protocol, previous studies evaluat-
ing PRGF treatment in extraction sockets
included patients with teeth extracted
for “severe periodontal disease” (Anitua
1999). To the best of our knowledge,
there is no evidence supporting the
hypothesis that the individual suscepti-
bility to periodontitis may exert an effect
on the healing of extraction sockets
(Farina & Trombelli 2012). Consistently,
a recent study failed to find significant
differences in the tissue composition of
fully healed extraction sites of periodonti-
tis and non-periodontitis subjects (Lindhe
et al. 2012).
6). Recent evidence showed a similar healing
pattern of extraction sites among dif-
ferent locations within the dentition
(Lindhe et al. 2012). In our study, the
effect of PRGF was merely investigated
in post-extraction sockets from single-
rooted teeth or single roots of mandibular
molars. Although such selection may
have reduced the inter-site differences in
healing dynamics due to the variability
in socket dimension, treatment of defects
of limited size may have masked and
(a)
(b)
Fig. 1. Micro-CT scans of all study specimens at T1 (4–6 weeks) (a) and T2 (7–10 weeks) (b) for PRGF and control
groups.
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underestimated the true biologic poten-
tial of PRGF on early bone formation.
Further controlled studies are needed to
assess which type of post-extraction con-
ditions, including patient characteristics
as well as dimension and morphology of
the socket, may represent an indication
for the additional use of PRGF.
7). While the study by Trombelli et al.
(2008) reported an increase in osteocalcin
(OCN) staining from 2–4 weeks to
6–8 weeks, Farina et al. (2012) indicated a
statistically significant decrease in OCN
staining from T1 (4–6 weeks) to T2 (7–10
weeks). It is important to consider that
different methods of OCN quantification
were used by Trombelli et al. (2008) and
Farina et al. (2012). In the 2008 study,
the OCN score was related to the per-
centage of the periphery of the woven
bone projections that showed the pres-
ence of OCN-stained cells. In the 2013
study, average pixel intensity was used to
quantify the relative expression of OCN
in standardized regions of interest in the
coronal, middle and apical portions of
each sample, and the OCN score was
inversely correlated to the average pixel
intensity.
8). Due to the nature of the study purpose
(to determine whether and to what extent
the additional application of PRGF to an
extraction socket may influence the early
bone deposition), bone volume was
regarded as the primary outcome variable.
As data on bone volume to evaluate the
healing process of human extraction
sockets (either treated with PRGF or not)
could not be retrieved, the post hoc cal-
culation was the only option to obtain
information on the statistical power of
the study. The issue of statistical power
has been thoroughly evaluated by expert
statistical referees during the revision
process before publication.
9). The choice of micro-CT was based on its
sensitivity for hard tissue assessment,
capable to detect minimal differences
between treatment groups (Dunn et al.
2007; Jin et al. 2007; Park et al. 2007,
2012; Rogers et al. 2007; Chang et al.
2010; Neiva et al. 2011). The use of this
(non-invasive) technology also prevents
an excessive loss of material for each
sample to be processed for immunohisto-
chemical staining. Thus, we still regard
the use of micro-CT analysis as an added
value in the scientific methodology
adopted. To provide a broader overview of
the diagnostic potential of this technol-
ogy, we include Fig. 1a,b which show the
micro-CT scans of all study specimens at
T1 and T2, respectively, for PRGF and
control groups.
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